Urine samples from 92 individuals of a healthy pediatric population ranging in age from less than 24 h to 12 years were analyzed for organic acid content (amino acids excepted). A few samples from adults were included for purposes of comparison. Acids were extracted by using an anion-exchange procedure, converted to trimethylsilyloxime derivatives, and analyzed by gas chromatography with the help of a small computer system. Identifications were confirmed by usinga combined gas chromato- The concept of determining the presence and concentration of a complete class of compounds (e.g., organic acids, bases, and steroids) in physiologic fluids on a routine basis has advanced rapidly in the past few years (1 ). This approach has been particularly useful in the area of screening for organic acids in the urine of patients suffering from suspected inborn errors of metabolism (2). The establishment of a successful metebolic profiling technique involves the following considerations:
been tabulated according to five pediatric age groups. Despitelarge individual variationwithinage groups,significant differences in amounts of several acids excreted (based on urinary creatinine concentration) have been determinedbetween age groups. Such differences might be due to one or a combination of several factors, including changes with age in creatinine excretion, in physiologic maturity, and in diet. Such data may help to provide a basis for diagnosing metabolic abnormalities in pediatric pa-
tients.
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The concept of determining the presence and concentration of a complete class of compounds (e.g., organic acids, bases, and steroids) in physiologic fluids on a routine basis has advanced rapidly in the past few years (1 ). This approach has been particularly useful in the area of screening for organic acids in the urine of patients suffering from suspected inborn errors of metabolism (2). The establishment of a successful metebolic profiling technique involves the following considerations:
efficient and selective extraction of the compound class from the sample; rapid and complete derivatization of the compounds; separation and identification of the components of the mixture; and interpretation of the date in terms of which compounds (if any) are not normally present or are present in abnormal amounts as based upon a good understanding of what values are normal for each of the metabolites.
Techniques
of extracting organic acids from urine have been the subject of several studies (1, (3) (4) (5) . Our laboratory has settled on a scheme that involves preliminary precipitation of phosphate and sulfate followed by isolation of the organic acids utilizing a diethylaminoethyl(DEAE)-Sephadex anion-exchange column (5) .' Organic acids are usually converted to TMS-ester, TMS-ether derivatives or to methyl ester, TMS-ether derivatives, with keto-groups converted to oximes or alkylated oximes. Derivatized acids are separated, quantitated, and identified by GC/MS techniques (1) (2) (3) (4) (5) .
Symptoms of inborn errors of metabolism usually appear at a early age, so that most metabolic profile analyses have been carriedout on infants and children.
In order to have objective criteria for determining a metabolic abnormality, it is necessary to establish the amounts of organic acids excreted in the urine by normal pediatric populations.
In general, only grossly altered excretion patterns are now useful for detecting such pathologic conditions. The possibility exists, however, that smaller changes in acid excretion, including decreased amounts of normal metabolites, might be of diagnostic value. Early attempts at quantitating urinary organic acids by profiling techniques demonstrated high individual variation among a group of adults on a controlled diet (6). Bjorkman et al. (7) quantitated several acids from urine of newborn infants during the first 24 h after birth, and Aksu et al. quantitated acids in children's urine by a titrimetric method (8 ) . All three of these studies involved the isolation of organic acids from urine by solvent extraction, which has now been shown to be less desirable than anionexchange extraction (5) . Although recoveries of aromatic acids are good, low and variable recoveries of more hydrophilic acids result from solvent extraction. The very polar tetronic and deoxytetronic acids have been successfully quantitated in urine from groups of infants and adults by anion-exchange extraction (9) . Urinary organic acid quantitation by anion exchange has been studied for a normal population ranging in age from 1.5 to 83 years (10) (11) (12) .
The following report is a quantitative study of a wide range of urinary non-amino organic acids utilizing the metabolic profiling technique with DEAE-Sephadex anion-exchange extraction. The emphasis of this work was to measure acids excreted by normal infants and children ranging in age from less than 24 h to 12 years, and to tabulate the results in five separate groups by age. Values for acid excretion obtained in this way should be minimally affected by variation in extraction efficiency and by variation in the physiologic maturity of enzyme and renal function.
Methods
Samples. Untimed urine samples were obtained from healthy individuals in the newborn nursery of Colorado General Hospital and from friends and relatives of laboratory personnel. The age groups studied are: first 24 h after birth (group I); 2-4 days (group II); 4-6 weeks (group III); 1-3 years (group IV); and 8-12 years (group V). A few adults (ages 25-35 years, group VI) were also studied. Creatinine values were determined (13) and the urine samples were stored by freezing at -20 #{176}C until analyzed one week to two months later.
Extractions.
Volumes of urine corresponding to 0.5 mg of creatinine were extracted for groups I-IV (because of the low amounts of creatinine excreted and the limited volume of urine obtainable from subjects in the youngest age groups) and the results were multiplied by two, to normalize them to 1.0 mg of creatinine. Volumes of urine corresponding to 1.0 mg of creatinine were extracted for groups V and VI. Details of the precipitation/anion-exchange procedure used for extraction and of the procedure used for oximation and trimethylsilylation have been presented (5) .
Quantitation. Malonic acid (131 zg) was added to each aliquot of urine before extraction, and n -tetracosane (98 big) was added to each dried extract immediately before trimethylsilylation.
The malonic acid was added as a control to ensure that the sample preparation procedure was consistent (others have used phenylpropionic acid in the quantitation of certain aromatic acids, see ref. 14). Gas-chromatographic analyses were performed on a 2 mm X 1.83 m glass column containing 5% OV-22 on 80/100 mesh "Supelcoport" (Supelco, Inc., Bellefonte, Pa. 16823), as previously described (5). The column oven was held at 80 #{176}C for 4 mm and then programmed at 8 #{176}C/min to 280 #{176}C. The GC peak areas were integrated (15) and the data computed as percentages of the n -tetracosane peak area. Components of each of the GC peaks were identified by GC/MS/ computer methods (5) with reference to published mass spectral data (16) .
The data (Table 1) was analyzed for statistically significant differences in mean excretion.
A one-way analysis of variance was done [we used the Statistical Package for the Social Sciences (1 7) and the facilities of the University of Colorado Computing Center] . Homogeneity of means was tested by Duncan's procedure at P < 0.05. The results (summarized in Table 2 ) represent a high and a low group, which are significantly different. Several groups are not included in Table 2 , as they could not be distinguished from either the high or low groups.
Results
A typical GC profile of urinary organic acids is shown in Figure 1 . into significantly different sets of groups by age (Table  2) . Acids not included in the table could not be similarly divided, and age groups not included were not significantly different from either the high or low groups.
Discussion
Q uantitative data on urinary organic acid excretion in five age groups of a normal pediatric population has been presented. In addition, a small group of adults was similarly analyzed to provide comparative values. Substantial variation in acid excretion by each age group is apparent, and this may be mostly due to mdividual metabolic differences. Despite this variation, significant differences in mean excretion have been determined for several acids. Based on creatinine excretion, the concentrations of about half of the acids quantitated in this work are higher for the younger and lower for the older age groups. This trend corresponds to an increase in creatinine excretion by the older age groups, which may account for these changes. Some of the acids not included in Table 2 
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(oc-g8) Numbers denote the peaks being quantitated (see Table 1 ) be divided into high and low values must actually be increasing in urinary concentration with age. Based on creatinine (which is also increasing with age), therefore, no significant changes are observed. The excretion of three acids-glycolic, 4-deoxythreonic, and hippuricincreases faster with age than does creatinine. In those cases, the older age groups excrete significantly higher amounts than do the younger age groups. Several acids have a bimodal excretion pattern, as urinary excretion increases at an intermediate age and then decreases in older age groups to the original low values. Besides changes in creatinine excretion, other factors may be important in affecting urinary organic acid excretion. The degree of enzyme and renal maturity in the developing human should play a significant role, as should changes in the average diet during childhood. For example, an increase in urinary 2-deoxytetronic acid in groups II and III is probably due to ingestion of prepackaged liquid feeds (19) .
If results obtained on acid excretion in one laboratory are to be compared with those from another laboratory, similar extraction methods should be used. The qualitative and quantitative superiority of anion exchange over solvent extraction has been demonstrated (5), and should be used unless the study involves only acids that are efficiently recovered by solvent techniques.
Although another laboratory has found that inorganic acids extracted along with organic acids do not interfere with analyses (4), we have experienced severe interference by the large quantities of urinary sulfate and phosphate present (20) . These can be eliminated by prior precipitation as insoluble barium salts, however it must be realized that a few of the organic acids (particularly citric, oxalic, and tartaric) are also partly lost be precipitation (5, 20) . Rather than reporting actual molar amounts, acid excretions have been presented relative to standard n-tetracosane.2 This method of reporting organic acid profiling data has been used by others (10) (11) (12) and is appropriate when the emphasis of the work is to establish a normal GC pattern for a large number of compounds analyzed simultaneously. When interest is focused on one or a small group of compounds, molar quantities should be reported (9, 21) .
Separation of many of the components of a urinary organic acid extract on the 180-300 cm packed GC columns is poor. Several acids must be quantitated together in the same GC peak. This situation can be somewhat improved if longer packed columns are used, but this introduces problems concerning the practical size of the GC oven and the increased possibility of compound absorption. One solution to the problem involves GC/MS/computer methods (22) , which may not be suitable for routine analyses. GC with use of the high resolving power of glass capillary columns is the most promising method available for separating such complex mixtures. While chromatograms of TMS-esters have been produced in this way (23) , it is our experience, using 60 m X 0.25 mm i.d. wall-coated open tubular glass columns of SE-30, that some of the labile TMS-esters may not survive this procedure. More work is needed in this area with columns prepared in different ways and with shorter capillary columns.
The data presented demonstrate substantial variation in acid excretion among individuals of a healthy pediatric population, even when the subjects are grouped according to age. Despite this variation, however, statistically significant differences are observed that allow most of the acids quantitated to be divided according to age into those with high and those with low excretion values. This information should help to provide some basis for determining abnormal organic acid excretion in pediatric patients when excretion of an acid or acids is below normal or is modestly above normal.
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